Background-We examined the relationship between hypertension subtype and cardiovascular disease incidence and mortality in Chinese adults. Methods and Results-We conducted a prospective cohort study in a nationally representative sample of 169 871
C ardiovascular disease (CVD) has become the leading cause of death among Chinese adults, with a heart disease mortality (per 100 000 person) of 319.1 in men and 268.5 in women and stroke mortality of 310.5 in men and 242.3 in women. 1 Hypertension is the most important modifiable risk factor for CVD and all-cause mortality worldwide. 2, 3 Data from a national blood pressure (BP) survey in China indicated that the prevalence of hypertension in the adult Chinese population aged 35 to 74 years was 27.2% in 2000 -2001. 4 In addition, an estimated 7.6% of Chinese adults had isolated systolic hypertension (ISH), 7.4% had combined systolic and diastolic hypertension (SDH), 4.4% had isolated diastolic hypertension (IDH), and 7.7% were taking antihypertensive medication. 5 
Clinical Perspective 1566
In recent years, the common paradigm of hypertension research has shifted from diastolic (DBP) to systolic BP (SBP) as the most important determinant of CVD risk. 6 -8 Researchers have investigated the singular and combined effects of elevations in SBP and DBP, with a growing awareness that hypertension subtypes may reflect unique biological processes, perhaps with distinct clinical implications. 9 -11 SDH arises from a combination of increased arterial stiffness along with a rise in arteriolar resistance; ISH reflects increased arterial stiffness alone and is most common in the elderly, and IDH is a consequence of an increase in only arteriolar resistance and is more frequent in young and middle-aged persons. 10 -12 A clear understanding of how each of these pathophysiological mechanisms influences CVD risk is crucial for establishing appropriate treatment recommendations and guidelines. Whereas several studies have been conducted in Western populations examining this association, very few have been conducted in Asian populations, and none have been conducted in a nationally representative cohort of Chinese adults. [12] [13] [14] The purpose of this study was to quantify the risk of CVD, coronary heart disease (CHD), and stroke incidence and mortality associated with hypertension subtype in a prospective, nationally representative Chinese cohort. In addition, gender-and age-specific effects of hypertension subtype on CVD risk were examined.
Methods

Study Population
In 1991, the third China National Hypertension Survey was performed in all 27 provinces and 3 municipalities of mainland China with the use of a multistage random cluster sampling design to select a nationally representative sample of the Chinese population aged Ն15 years. 15 In 1999 -2000, investigators from each province were invited to participate in the Chinese National Hypertension Epidemiology Follow-up study. Of the 30 provinces or autonomous regions, 13 were not included in the follow-up study because study participants' contact information was not available (Figure 1) . However, the sampling process was conducted independently within each province in the1991 China National Hypertension Survey, and the 17 provinces that were included in the follow-up study were evenly distributed in different geographic regions representing various economic developing statuses in China. Participants from included provinces did not differ with respect to baseline characteristics compared with those from excluded provinces. Overall, 83 533 men and 86 338 women aged Ն40 years at their baseline examination were eligible to participate in the follow-up study. From this population, a total of 158 666 study participants (93.4%) (or their proxies) were identified and agreed to be interviewed as part of the follow-up study. In this report, study participants with missing BP values (nϭ283) and prevalent CVD (nϭ4412), CHD (nϭ2253), or stroke (nϭ2303) were excluded from related analyses, respectively. Figure 2 shows the sample size of participants and exclusion reasons in our study. 
Baseline Examination
Baseline data were collected at a single clinic visit by specially trained physicians and nurses using standardized methods with stringent levels of quality control. 15 Data on demographic characteristics, medical history (including physician's diagnosis of hypertension and other CVD as well as use of antihypertensive medication), and lifestyle risk factors were obtained with the use of a standard questionnaire administered by trained staff. Work-related physical activity was assessed because leisure-time physical activity was uncommon. Cigarette smokers were defined as having smoked at least 1 cigarette per day for Ն1 year. Alcohol consumption was defined as drinking alcohol at least 12 times during the last year. Body weight and height were measured in light indoor clothing without shoes according to a standardized protocol. Body mass index (BMI) was calculated as weight in kilograms divided by height in square meters. Three BP measurements were obtained by a trained observer using a standard mercury sphygmomanometer according to a standard protocol after the study participant had been seated quietly for 5 minutes. 16 The first and fifth Korotkoff sounds were recorded as SBP and DBP, respectively. Participants were instructed not to eat; drink alcohol, coffee, or tea; smoke; or exercise for at least 30 minutes before their BP measurement. The mean of 3 BP measures was used in all analyses. There was no evidence of digit preference on BP readings.
Follow-Up Data Collection
The follow-up examination, which was conducted in 1999 -2000, included tracking study participants or their proxies to a current address, performing in-depth interviews to ascertain disease status and vital information, and obtaining hospital records and death certificates. If a study participant reported a hospitalization or emergency department overnight stay because of a study outcome including acute myocardial infarction or stroke during the in-person interview, the participant's hospital records, including medical history, physical examination findings, laboratory test results, and discharge diagnosis, were abstracted by trained staff using a standard form. In addition, photocopies of selected sections of the participant's inpatient record, discharge summary, ECG, and pathology reports were obtained. All deaths reported during the in-person interview were verified by obtaining death certificates from the local public health department or police department. If death occurred during a hospitalization, the participant's hospital records and autopsy results were also abstracted by trained staff using a standard form. An end point assessment committee within each province reviewed all data abstraction forms to ensure the completeness of medical information.
A studywide end point assessment committee, consisting of cardiologists, neurologists, and a clinical epidemiologist at the Chinese Academy of Medical Sciences in Beijing, China, reviewed all hospital records and death certificates and determined the final diagnosis of event or underlying cause of death according to preestablished criteria. 17 Two committee members independently verified the diagnosis, and discrepancies were adjudicated by discussion involving additional committee members. All members of the local and studywide end point assessment committees were blinded to the study participant's baseline risk factor information. Causes of death were coded according to the International Classification of Diseases, Ninth Revision (ICD-9).
For this analysis, CVD was defined as a confirmed diagnosis of acute myocardial infarction or stroke during the follow-up period or mortality with a cardiovascular event (ICD-9 390.0 to 398.9, 401.0 to 429.9, and 430.0 to 438.9) listed as an underlying cause of death. CHD was defined as a confirmed diagnosis of acute myocardial infarction during the follow-up period or CHD listed as an underlying cause of death (ICD-9 410.0 to 414.9). Finally, stroke was defined as a confirmed diagnosis of stroke during the follow-up period or stroke listed as an underlying cause of death (ICD-9 430.0 to 438.9).
This study was approved by the Tulane University Health Sciences Center Institutional Review Board and the Cardiovascular Institute and Fu Wai Hospital Ethics Committee. Written informed consent was obtained from all study participants who agreed to participate in the follow-up study.
Statistical Analysis
Hypertension subtype was determined by average baseline SBP and DBP and use of antihypertensive medications. Treated hypertensives, defined as receiving antihypertensive medication within the past 2 weeks, were further categorized into 1 of 2 groups, SBP Ͻ140 and DBP Ͻ90 mm Hg or SBP Ն140 and/or DBP Ն90 mm Hg. Untreated hypertensive participants were grouped according to SBP and DBP as follows: SDH (SBP Ն140 mm Hg and DBP Ն90 mm Hg), ISH (SBP Ն140 mm Hg and DBP Ͻ90 mm Hg), or IDH (SBP Ͻ140 mm Hg and DBP Ն90 mm Hg). Participants with a SBP Ͻ140 mm Hg and DBP Ͻ90 mm Hg were classified into the normotensive group.
Baseline characteristics were compared between each hypertension subtype and the normotensive group with the use of 2 tests for categorical variables and ANOVA for continuous variables. Personyears of follow-up were calculated from the date of baseline examination until the date of cardiovascular event, death, or follow-up interview for each study participant. Age-standardized incidence and mortality were calculated with the 5-year age-specific incidence and mortality and the age distribution of the Chinese population from year 2000 census data.
To examine the association between hypertension subtype and CVD incidence and mortality, Cox proportional hazards regression models were used to adjust for baseline age, sex, education, cigarette smoking, alcohol consumption, physical inactivity, BMI, geographic region (north versus south), urbanization (rural versus urban), and diabetes as a time-dependent covariate. The onset time and diagnosis of diabetes were self-reported. Multivariable-adjusted relative risks (RRs) were calculated with normotensives used as the reference category. Subgroup analyses by gender and age (Ͻ60 or Ն60 years) were conducted. The proportional hazards assumption was assessed visually with plots of the Schoenfeld residuals versus time for each covariate modeled. Methods to estimate variances that take into account sample clustering, by province, were used in Cox proportional hazards models. 18 Statistical analyses were conducted with the use of SAS statistical software (version 9.1; SAS Institute Inc, Cary, NC).
The authors had full access to and take responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results
Baseline characteristics of the study participants by normotensive status and hypertension subtype are presented in Table 1 . Overall, SDH was the most common hypertension subtype (10.8%), followed by ISH (10.5%) and IDH (3.6%). Only 2.8% of study participants were taking antihypertensive medication, with a SBP Ͻ140 and DBP Ͻ90 mm Hg attained in 24.0% of those treated. The average age of study participants ranged from 52.9 years among those with IDH to 64.6 years among those with ISH. Compared with the normotensive group, all hypertension subtypes had a higher mean BMI, SBP, and DBP. Moreover, hypertensive participants were more likely to be physically inactive, diabetic, and living in urban regions compared with normotensive participants. With the exception of those with ISH, hypertensive participants were also more likely to be living in north China. High school education, cigarette smoking, and alcohol consumption varied between groups, with the highest percentage among those with IDH.
During an average follow-up of 8.3 years, there were a total of 11 543 cardiovascular events (8745 fatal), including 1907 CHD events (1300 fatal) and 7151 strokes (4249 fatal). The treated hypertensives with a SBP Ն140 and/or DBP Ն90 mm Hg had the highest RR of all cardiovascular events compared with normotensive participants ( Table 2 ). The treated hypertensives with a SBP Ͻ140 and/or DBP Ͻ90 mm Hg were also at an increased risk of CVD, CHD, and stroke incidence and mortality compared with normotensive participants. Among untreated hypertensives, those with SDH had the highest RR of all cardiovascular events. Both ISH and IDH conferred similar increased risks of CVD, CHD, and stroke incidence and mortality compared with the normotensive group.
The association between hypertension subtype and CVD incidence and mortality was consistent between genders (Table 3) . Similarly, the multivariable-adjusted RRs (95% CI) of stroke incidence in men and women were 3.68 (3. for treated hypertensives with a SBP Ն140 and/or DBP Ն90 mm Hg, respectively. Because of the small number of CHD events and deaths in women, the multivariable-adjusted RR estimates by gender were unstable (data not shown). Subgroup analyses by age showed that participants aged Ն60 years had an attenuated RR of incidence ( Figure 3 ) and mortality (Figure 4 ) of CVD and stroke associated with SDH, ISH, and treated hypertension with a SBP Ն140 and/or DBP Ն90 mm Hg compared with those aged Ͻ60 years.
Discussion
Although elevated BP has long been established as an important risk factor for CVD, the risk conferred by hypertension subtype has not been well examined. Our analysis indicates that among untreated hypertensives, participants with SDH were at the highest risk for any cardiovascular event, whereas both ISH and IDH increased the risk of CVD compared with their normotensive counterparts. We found that treated hypertensives, including those with a SBP Ͻ140 and DBP Ͻ90 mm Hg, were at an increased risk of CVD compared with normotensives, whereas treated participants with a SBP Ն140 and/or DBP Ն90 mm Hg had the highest risk among all hypertensive subtypes studied. An increased risk of CVD associated with hypertension subtype was observed in both genders and age groups. The present results emphasize the importance of hypertension subtype in predicting CVD risk and highlight the need for a public health response focusing on primary prevention of hypertension in the general Chinese population.
The present study is the only prospective cohort in which the association between hypertension subtype and CVD risk in a large, population-based, nationally representative sample of the general Chinese population has been examined. The study population included middle-aged and older persons of both genders, and stringent quality control procedures were used to assess BP, other covariables, and all clinical outcomes. Although a very high follow-up rate of 93.4% was achieved, those that were lost to follow-up were more likely to have SDH, ISH, and treated hypertension at the baseline examination compared with those retained in the study, which may have resulted in a slight underestimation of the rate and RR of CVD in this population. Certain other limitations should also be acknowledged. BP measurements and information on the use of antihypertensive medication were collected only at the baseline examination, and therefore the impact of changes in these measurements on CVD risk cannot be assessed. In addition, because the original survey was not conducted with the current follow-up study in mind, important covariables including serum lipids, glucose, diet, and leisure-time physical activity were not obtained, and information on lifestyle risk factors and medical history was self-reported. Lack of or underadjustment for these variables might have resulted in a slight overestimation of the RR of CVD. Furthermore, study outcomes were identified by self- reported events retrospectively, and only 1 underlying cause of death was recorded for each participant, which might underascertain events. Finally, no information on stroke subtype was available, and although associations between BP and both ischemic and hemorrhagic strokes have been observed, the precise effects of hypertension subtype on differing stroke types may vary because of the distinct etiologies of these conditions. 14, 19, 20 In general, we observed lower CHD and higher stroke rates for any given BP level compared with studies conducted in Western populations. 21, 22 A lower serum lipid level in the Chinese population may help to explain the lower rates of CHD. 23 Similarly, population differences in CVD risk factors may explain the higher stroke rates. For example, hemorrhagic strokes are more common in the Chinese population than in Western populations. 24, 25 Low serum cholesterol level and cigarette smoking are important risk factors for hemorrhagic stroke.
ISH has been associated with a higher risk of CVD compared with SDH in some large, prospective studies. 26 -28 In contrast, our results and findings from other studies suggest that SDH confers a higher CVD risk compared with ISH. 12, 14 Discrepancies may be due to heterogeneity between the study populations regarding age and other CVD risk factors.
The present study also showed that IDH was a significant predictor of CVD in the general Chinese population. Some studies have indicated no relationship between IDH and CVD risk, [25] [26] [27] but others have reported results similar to our findings. 14 A recent study by Fang et al 14 examining the effects of hypertension subtype in a Chinese cohort reported a 2.2-fold increased risk of stroke incidence associated with IDH, which was similar to our observation. Again, population heterogeneity may have contributed to these discrepant findings in the relationship between IDH and CVD risk.
An important finding of this study is that treated hypertensives, including those with a SBP Ͻ140 and DBP Ͻ90 mm Hg, were at an increased risk of all cardiovascular events compared with participants with a normal BP. To date, many clinical trials have shown that antihypertensive treatment results in a reduction of cardiovascular events, but few studies have compared treated hypertensives to normotensives in a prospective cohort. 14,29 -33 A recent study by Almgren et al 33 indicated that treated hypertensive men had an elevated risk of CHD and stroke compared with men with normal BP, which is confirmed by the findings of this study. The high risk of CVD conferred by inadequate treatment of hypertension emphasizes the need for more aggressive antihypertensive treatment in this population. The potential benefits of BP-lowering treatment are reflected in the lower risks experienced by treated participants with a SBP Ͻ140 and DBP Ͻ90 mm Hg. Despite adequate treatment of BP based on current guidelines, these participants still experienced higher rates of cardiovascular events compared with participants with normal BP. As a matter of fact, mean BP levels in this group were significantly higher than those in normotensive participants. These findings illustrate that BP treatment to the "controlled" range based on the current guideline still translates into higher CVD-related morbidity and mortality. Future studies are warranted to examine the benefit of lowering BP to normal levels, ie, SBP Ͻ120 and DBP Ͻ80 mm Hg, on CVD risk. Our results also underscore the need for an increased focus on primary prevention of hypertension to reduce the societal burden of CVD in the Chinese population.
Increased risks of CVD incidence and mortality associated with all hypertension subtypes were observed among men and women and among those aged Ն60 and Ͻ60 years. The relationships between each subtype and CVD risk were . RR (95% CI) of CVD, CHD, and stroke incidence among those aged Ͻ60 and Ն60 years, after adjustment for baseline age, sex, education, cigarette smoking, alcohol consumption, physical inactivity, BMI, geographic region, urbanization, and time-dependent history of diabetes. . RR (95% CI) of CVD, CHD, and stroke mortality among those aged Ͻ60 and Ն60 years, after adjustment for baseline age, sex, education, cigarette smoking, alcohol consumption, physical inactivity, BMI, geographic region, urbanization, and time-dependent history of diabetes. consistent across genders. Although similar patterns of association were seen between age groups, the risk of CVD conferred by hypertension subtype was attenuated among participants aged Ն60 years compared with participants aged Ͻ60 years. These results are similar to findings reported elsewhere, 14, 34, 35 and, overall, they highlight the importance of hypertension prevention and treatment in both genders and all age groups.
In conclusion, our study identified a significantly increased risk of CVD associated with ISH, IDH, and SDH elevations in BP. Most importantly, this analysis indicated that treated hypertensives are at a significantly increased risk of CVD, including those with a SBP Ͻ140 and DBP Ͻ90 mm Hg. Therefore, although more aggressive secondary prevention efforts may help to decrease CVD risk among those already affected with inadequately treated or untreated hypertension, the primary prevention of hypertension may be most effective and should be considered the first choice for curbing the rising CVD epidemic in this population. A national program emphasizing lifestyle modification for the primary prevention of hypertension should be established in China. 
CLINICAL PERSPECTIVE
We examined the relationship between hypertension subtype and cardiovascular disease (CVD) incidence and mortality in a prospective cohort study of 169 871 Chinese men and women aged Ն40 years. Hypertension subtypes were defined as combined systolic and diastolic hypertension (systolic blood pressure [SBP] Ն140 and diastolic BP [DBP] Ն90 mm Hg), isolated systolic hypertension (SBP Ն140 and DBP Ͻ90 mm Hg), isolated diastolic hypertension (SBP Ͻ140 and DBP Ն90 mm Hg), and 2 categories of treated hypertension (SBP Ͻ140 and DBP Ͻ90 mm Hg or SBP Ն140 and/or DBP Ն90 mm Hg). All hypertension subtypes were associated with an increased risk of CVD compared with participants with normal BP. Compared with normotensives, combined systolic and diastolic hypertension was associated with 2.73-and 2.53-fold increased risk of CVD incidence and mortality; isolated systolic hypertension was associated with 1.78-and 1.68-fold increased risk of CVD incidence and mortality; isolated diastolic hypertension was associated with 1.59-and 1.45-fold increased risk of CVD incidence and mortality; treated hypertension with SBP Ͻ140 and DBP Ͻ90 mm Hg was associated with 2.01-and 1.61-fold increased risk of CVD incidence and mortality; and treated hypertension with SBP Ն140 and/or DBP Ն90 mm Hg was associated with 3.37-and 2.88-fold increased risk of CVD incidence and mortality, respectively, after adjustment for important covariables. These findings suggest that more aggressive antihypertensive treatment efforts may help to decrease CVD risk among those already affected with inadequately treated or untreated hypertension, whereas the primary prevention of hypertension may be most effective and should be considered the first choice for curbing the rising CVD epidemic in the Chinese population.
